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The invention relates to a method of producing a plurality of bodies, each 
body bearing an optical structure, the optical structures being substantially equal, being 
associated with a respective information carrier for containing user information, and being 
indicative of characteristic information for providing access to the user information. 



Such a method is known from EP-A-0 989 553. In this method, the 
information carrier is an optical disk, and the characteristic information is recorded as 
mechanically embossed pits that are made on the disk constituting the body by means of a 
strong on/off-switched laser light to change the reflectivity of the disk by either changing the 
disk's composition or destroying the disk in a minute region thereof, and such a method 
cannot be used by the end user. According to said EP-A-0 989 553. the user information 
present on a disk is enciypted. and the encryption key can be derived from the characteristic 
information which is pre-recorded on the disk. A player for disks of this type is consequently 
adapted in order to identify said characteristic information present on a disk, to derive from it 
the encryption key. and to decrypt the user information recorded on the disk. A recorder 
attempting to clone an original disk, i.e. to duplicate the user information contained in an 
original disk on a second disk, will not be able to record onto the second disk also the 
characteristic information identical to the one present on the original disk, and necessary for 
decrypting the user-information. As a consequence, the user information contained in the 
second disk cannot be decrypted and played. 

With the method described in said EP-A-0 989 553 it is still possible to clone 
disks by copying both the content and the characteristic information: in fact, although the 
equipment necessary for recording characteristic information on a disk is unlikely to be easily 
available to an end user, such an equipment is available to professional counterfeiters. It is a 
disadvantage of the known method that the products produced can be cloned when 
professional equipment is employed. 
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It is an object of the invention to provide a method of the kind described in the 
opening paragraph, by which bodies are produced bearing optical structures, which are 
substantially impossible to be cloned, and which method nevertheless allows for the 
production of a plurality of bodies bearing substantially identical optical structures. 
This object is achieved by: 

producing a stamp by attaching particles to a sufface of an auxiliary body; and 
using the stamp to imprint an imprintable material, thereby producing the 
plurality of bodies, the each body having at least a surface portion bearing an imprint of the 
stamp. 

The result of the method is a plurality of bodies, each body bearing an imprint 
of the stamp; the imprint is the optical structure indicative of characteristic information. An 
optical structure is a surface portion of a body which, if irradiated with a coherent beam of 
light, gives rise to reflection, refraction or diffraction of the light, or a combination of two or 
three thereof With a screen positioned in an adequate position in respect of the light source 
and the optical structure, it is possible to observe on the screen a speckle pattern caused by 
the interaction of the light with the optical structure. The observed speckle pattern depends 
on the parameters defining the coherent beam of light such as for example, wavelength and 
phase, and on the internal microstructure of the optical structure, i.e. on the shape of the 
imprint. The speckle pattern can be sensed with a sensor and can be further processed in 
20 order to derive from it the characteristic information. In general, the characteristic 

information is any infonnation necessary for accessing the user information, e.g. a decryption 
key for decrypting encrypted user information. 

A player for an information carrier of the type referred to in the method of the 
invention will consequently be adapted to identify from the associated optical structure the 
25 characteristic information, and to use said characteristic information to access the user 
information present on the information carrier. 

However, the information carrier referred to in the method of the invention 
does not need to actually contain user information, but it may also be an information carrier 
of a recordable type. A recorder for such a recordable information carrier will consequently 
30 be adapted to identify from the associated optical structure the characteristic information, to 
use said characteristic information to encode accordingly the user information to be recorded, 
and to record the encoded user information. 

The use of a stamp guarantees the reproducibility: in fact, the producer or the 
owner of the stamp has the possibility to reproduce substantially equal optical structures a 
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plurality of times. Reproducibility is an important requirement for industrial applicability 
since characteristic information is to be derived fiom the optical structure. If the optical ' 
structure is not .^producible, eveo^ optical structure will be unique and two optical structures 
w,il indicate different characteristic information. Hence, if the characteristic information 
comprises an enco^ption/decryption key. the encryption/decryption key will also be different 
and equally different would be the encrypted user-information: in this way eve^r disk should 
be mastered individually, implying a complex, expensive, and impracticable mastering 
process. 

The method of the invention, however, produces a plurality of bodies bearing 
substantially identical optical structures indicative of identical characteristic information. 

What makes an optical sti-ucture substantially impossible to clone is the way 
the characteristic information is derived from it together with ti,e way tf,e optical struchire Is 
produced. The speckle pattern, and consequemly the characteristic information, can be seen 
as tiie output of a physical One- Way Function (OWF), the inputs of which are the internal 
microstrucmre of the optical structure and the irradiating beam of light. An OWF is a 
function that is easy to evaluate in the forward sense but generally unfeasible to compute in 
the reve«e direction, and whose output domain is very large and whose input domain is even 
much laiger. An attempt to clone an optical structure could be based on its physical 
observation, or on its behavioral observation. An optical structure may in principle be 
observed witii a noninvasive tomographic Imaging technique, but equipment presently 
available does not allow for tf,e microfabrication of the internal microsti-ucture to the required 
level of detail. The possibility to deduce the internal microstructure of tiie optical structure, 
based on its behavior. i.e. speckle pattern and characteristic information as a response to a ' 
given irradiating beam, is ruled out by tiie properties of an OWF. 

The possibility to produce an optical structiire potentially different from the 
original one but having exactiy tiie same behavior is also unfeasible, given the large number 
of possible values for the parameters defining the coherent beam of light and tiie 
computational complexity of reconsti-ucting an optical structure having a known behavior. 

Furtiier detailed considerations on the properties of physfcal OWFs. and on tiie 
substantial impossibility of cloning an optical structure, or of reconstructing an optical 
structure with a known behavior, or even of fooling a system for access control of user 
information based on optical stioicture are presented in the article "Physical One-Way 
Functions" Ravikanth Pappu et al.. Vol. 297 SCIENCE, 20/09/2002. 
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The method of the invention may be extended to comprise a further step of 
applying onto the imprint of the each body a layer of reflecting material having a surface 
fecmg away from the imprint, which layer substantially follows the imprint 

In this way a reflective layer is applied, the aim of which is to enhance the 
5 reflectivity of the optical structure. This implies that the screen which has to sense the 

speckle pattern has to be positioned facing the surface bearing the imprim: as a consequence 
both the laser for irradiating the optical structure and the screen for sensing the speckle 
pattern will be positioned on the same side of the body. 

The method of the invention may be extended to comprise the following 

1 0 further steps: 

applying over the imprint of the each body a layer of another, substantially 
transparent, imprintable material; 

using the stamp an additional time to imprint the layer of the other imprintable 
material, thereby making an additional imprint on the each body. 

The application of the other imprintable material serves to prepare the body to 
receive an additional imprint. The layer of the other imprintable material may be applied over 
the layer of reflective material, if this is present, or directly over the surface or surface 
portion bearing the first imprint The additional imprint is then produced with the same stamp 
on the layer of the other imprintable material, thereby obtaining a dual-layer optical structure 
more complex than an optical structure with a single imprint, and thus even more difficult to 
clone. TTie layer of the other imprintable material needs to be substantially transparent 
otherwise the first imprint will not adequately contribute to the interaction with light when 
irradiated. 

The method of the invention may be extended to comprise the following 

25 further steps: 

producing an additional stamp by attaching particles to a surface of an 
additional auxiliary body; 

applying over the imprint of the each body a layer of another, substantially 
transparent, imprintable material; 

using the additional stamp to imprint the layer of the other imprintable 
material, thereby making an additional imprint on the each body. 

The application of the other imprintable material serves to prepare the body to 
receive an additional imprint The layer of the other imprintable material may be applied over 
the layer of reflective material, if this is present, or directly over the surface or surfece 
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portion bearing the first imprint The additional imprint is then produced with the additional 
stamp, which has been prepared for this purpose, on the layer of the other imprintable 
material, thereby obtaining a dual-layer optical structure, more complex than an optical 
structure with a single imprint, and thus even more difficult to clone. The layer of other 
imprintable material needs to be substantially transparent, otherwise the first imprint will not 
adequately contribute to the interaction with light when irradiated. 

When an additional imprint is made, preferably the imprintable material used 
has a first refractive index, and the other imprintable material has a second refractive index, 
the second refractive index being different from the first refractive index. 

This feature may be desirable when no interposition material is present 
between die first imprint and the layer of the other imprintable material, in oixler to make sure 
that the interface between the two adequately contributes to the interaction with light when 
irradiated. 

In view of making an additional imprint, the method of the invention may be 
extended by interposing between the imprint and the layer of the other imprintable material 
of the each body a substantially transparent separation layer. 

In fact, the application of the other imprintable material may be preceded by 
the application of a separation layer. This step may be desirable, for example, when the other 
imprintable material is not suitable for covering the first imprint and filling the recesses 
thereof. The separation layer needs to be substantially transparent, otherwise the first imprint 
will not adequately contribute to the interaction with light when irradiated. The presence of a 
separation layer allows the use of the same material as the imprintable material and the other 
imprintable material. 

Ifthe separation layer is present, preferably the imprintable material used has 
a first refractive index, and the separation layer has a third reflective index, the third 
refractive index being different from the first refractive index. 

This feature may be desirable when no reflective layer is present between the 
first imprint and the separation layer, in order to make sure tiiat tfie interface between the two 
adequately contributes to the interaction wifli light when irradiated. 

In order to protect the optical structure, tfie method of the invention may be 
extended by applying on the imprint of tiie each body a substantially transparent covering 
layer. 

The purpose is to protect tiie imprint from any mechanical alteration, for 
example caused by manipulation of the body, which may subsequentiy alter tiie optical 
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structure as a whole. The covering layer needs to be substantially transparent. Moreover, if 
the covering layer is present, preferably the material used as the imprintabie material ha^ a 
first refractive index, and the covering layer has a fourth refractive index, the fourth 
refractive index being different from the first refractive index. If the optical structure is a 
double-layer or a multi-layer oprical structure, the covering layer may be applied on the 
uppermost imprint. 

According to another aspect of the method of the invention, the each body is a 
laminated body comprising a reflective layer. 

The presence of a reflective layer serves to enhance the reflectivity of the 
optical structure and implies that the screen which has to sense the speckle pattern has to be 
positioned facing die surface bearing the imprint: as a consequence, both the laser for 
irradiating the optical structure and the screen for sensing the speckle pattern will be 
positioned on the same side of the body. 

According to another aspect of the method of the invention, the each body is 
15 integral with the respective information carrier. In other words, the infonnation carrier itself 
is used as the body for bearing the optical structure. 

The optical structure is associated with a respective information carrier for 
containing user information. The information carrier may be, for example, an optical disk. 

According to another aspect of the method of the invention, particles of 
20 diamond are used as the particles. 

In order to make sure that the imprint can be reproduced substantially equally 
a large number of times, the particles used to produce the stamp and. occasionally, the 
additional stamp are preferably solid particles of a hard material such as. for example, 
diamond or tungsten carbide, so that repetitive usage of the stamp for die large number of 
25 times does not wear out the shape of the stamp. 

According to another aspect of the method of the Invention, particles having a 
size ranging between 100 nm and 1 m are used as the particles. 

The use of particles in this size range is to ensure tiiat diffractive effects 
resulting from the irradiation of the optical structure due to recesses in the imprint and in the 
additional imprint, if present, are adequately exploited for the formation of tt>e speckle 
pattern. 

The cited article "Physical One- Way Functions", proposes the use of 
inhomogeneous structures in a system for access control of user information contained in an 
Information carrier, for example a credit card. TTie inhomogeneous structures are used to 



30 



wo 2004/101258 



PCT/IB2004/050624 



I in 



7 

generate characteristic infoimation that is checked against control information contained 
the information carrier in order to authenticate the information carrier. Said article, however, 
fails to provide a method for the production of inhomogeneous stmctures, and in particular of 
substantially equal inhomogeneous structures, which problem is encountered when 
attempting to apply a similar system for access control, for example, to pie-recorded optical 
disks. 



These and other aspects of the invention will be further elucidated and 
1 0 described with reference to the drawings. 

Fig. 1 shows a cross-section of a stamp and a cross-section of a body bearing 
an imprint of the stamp. 

Fig. 2 shows cross-sections of a body bearing an optical structure, across the 
optical structure, in different conditions, 

^'8- 3 shows an additional stamp and cross-sections of a body bearing a dual- 
layer optical structure, across the optical structure, in different conditions. 

Fig. 4 shows an optical disk bearing an optical structure in perspective and in 
cross-section, and 

Fig. 5 shows a system for access control of user information contained in an 
20 optical disk, based on an optical structure indicative of characteristic information. 
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Fig. 1 shows a cross-section of a stamp and a cross-section of a body bearing 
an imprint of the stamp. 

In the Figure it is possible to see a stamp 13, and in particular particles 14 
attached to a surface 15 of an auxiliary body 16. a body 10 bearing an imprint 1 1 of the stamp 
13, and in particular recesses 1 2 in the imprint 1 1 caused by the particles 14 attached to the 
auxiliary body 16. The imprint 1 1 of the stamp 13 is an optical structure. 

According to the method of the invention, a plurality of bodies are produced, 
where each body 10 is associated with a respective information carrier for containing user ' 
information and is bearing a substantially identical optical structure indicative of 
characteristic information necessaiy for accessing the user information presem in the 
respective information carrier. 
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In the first step, a stamp 13 is produced, by attaching particles 14 to a surface 
IS of an auxiliary body 16. 

The stamp 13 may be obtained, for example, by applying a gluing material 17 
tothesurfece 15 of die auxiliaiy body 16, distributing some particles 14. for example 
randomly, over the surface 15. and solidifying the gluing material 17. 

In order to make sure that the imprint can be reproduced substantially equally 
a large number of times, the used particles are preferably solid particles of a hard material 
such as. for example, tungsten cari>ide or diamond, so that repetitive usage of the stamp for 
the large number of times does not wear out the shape of the stamp. Preferably, the used 
particles have a size range of the same order of magnitude as the wavelength of the irradiated 
light, for example 100 nm-l n m. 

In the second step, the stamp 13 is used to imprint an imprintable material 
thereby producing the plurality of bodies, each such body 10 having at least a surface portion 
bearing an imprint 1 1 of the stamp 13. 

The second step may be accomplished, for example, by using the stamp on a 
plurality of existing bodies or blanks not having any imprint of the stamp yet, so as to 
produce an imprint on each of these existing bodies, for example by a molding process. The 
imprint thus produced on a surface portion is the optical structure. A plurality of optical 
structures produced with the same stamp are substantially identical, and thus indicative of the 
same characteristic information. As an alternative, the second step may be accomplished 
starting from a shapeless material, the body being formed at the same time when a surface 
portion thereof is shaped by the stamp. 

If blanks. i.e. bodies not having any imprint of the stamp yet, are employed, 
the imprint may be produced on a surface portion of the blank that is imprintable: this may 
simply be. for example, the material of which the blank consists, or a surfece portion thereof; 
alternatively, the surface portion of the blank that is imprintable may be obtained by applying 
an initial layer of imprintable material. Imprintable materials that can be used are. for 
example, polycarbonate, epoxy, and diacryl. 

Fig. 2 shows cross-sections of a body bearing an optical structure, across the 
30 optical structure, in different conditions. 

Fig. 2a shows a body 10, an imprint 1 1 as the optical stnicture, and a 
transparent covering layer 20 over the imprim 1 1 . The covering layer 20 covers the imprint 
1 1 and fills the recesses 12 thereof 
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The purpose of the covering layer 20 is to protect the imprint 1 1 from any 
mechanical alteration, for example caused by manipulation of the body 10, which may 
subsequently alter the optical structure as a whole. 

Fig. 2b shows, in addition to the items present in Fig. 2a, a pre-existing 
reflective layer 21. 

If blanks not having any imprint of the stamp yet are employed as the bodies 
on which the imprint of the stamp is made, said blanks may be laminated blanks, comprising 
an existing reflective layer. As anticipated, the light resulting from the interaction of the 
radiated beam with the optical structure p«)duces a speckle pattern on a screen. The presence 
of a reflective material under the imprint implies that the screen which has to sense the 
speckle pattern has to be positioned facing the surface bearing the imprint: as a consequence, 
both the laser for irradiating the optical structure and the screen for sensing the speckle 
pattern will be positioned on the same side of the body. 

Fig. 2c shows, in addition to the items present in Fig. 2a, reflective layer 22 
and its surface 23 feeing away from the imprint 1 1 which substantially follows the imprint 
11. 

If the body 10 does not comprise a previously applied reflective layer 21, it 
may be useful to apply a layer 22 of reflective material over the firet imprint 1 1. In this case 
the applied reflective layer 22 has the same implications and advantages as said previously 
20 jqjplied reflective layer 2 1 . 

However, the presence of a reflective layer anywhere is not mandatory, and if 
there is no reflective layer, the screen for sensing the speckle pattern is preferably positioned 
on a side of the body other than the one from which the optical structure is irradiated, 
provided tiiat the body is substantially transparent. 

Fig. 3 shows an additional stamp and cross-sections of a body bearing a dual- 
layer optical structure, across the optical structure, in different conditions. 
Fig. 3a shows the additional stamp 13'. and in particular particles 14* attached to a surface 
15' of an additional auxiliary body 16'. 

Fig. 3b shows a body 10, an optional pre-existing reflective layer 21. a first 
imprint 1 1 . an optionally applied reflective layer 22, a layer of another imprintable material 
30. an additional imprint 3 1 made on the layer of the other imprintable material 30. and a 
covering layer 20 over the additional imprint 31. TT^e covering layer 20 covers the Additional 
imprint 31 and fills the recesses thereof. 



25 



30 



wo 2004/1012S8 



PCT/IB2004/050624 



10 

The purpose of the covering layer 20 is to protect the uppermost imprint from 
any mechanical alteration, for example caused by manipulation of the body 10. which may 
subsequently alter the optical structure as a whole. 

If no interposition material is present between the fust imprint 11 and tiie layer 
5 of the other imprintable material 30. it is desirable to use materials with different refractive 
indexes as the imprintable material and the other imprintable material 30, in order to make 
sure that the interface between the two adequately contributes to the interaction with light 
when irradiated. The presence of a reflective layer 22 between the firet imprint 1 1 and the 
layer of other imprintable material 30 renders it possible to use the same material for the 
10 imprintable material and for the other imprintable material 30. 

The additional imprint 31 may be obtained with an additional stamp 13' as 
well as with the first stamp 13. The purpose of making an additional imprint 31 is to obtain a 
dual-layer optical structure, more complex than an optical structure with a single imprint, and 
thus even more difficult to clone. To this end, preferably the additional imprint 3 1 is 
substantially superimposed on the first imprint 1 1. but it may alternatively be partly 
superimposed or not superimposed at all. Furthermore, if the additional imprint 31 is 
substantially superimposed on the first imprint 1 1 and that additional imprim 3 1 is made with 
the same stamp 13, the stamp 13 is preferably rotated through a chosen angle witi, respect to 
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the first time it was used. 



In order to obtain even more complex optical structures, it is possible to 
produce even furtiier imprints on even further layers, thereby obtaining multi-layer optical 
structures. Moreover, it is possible to produce some of the even further imprints with even 
further stamps, and some of the even further imprints with stamps already used, thereby 
combining the two techniques described to produce additional imprints. 

Fig. 3c shows, an interposition layer 32 in addition to the items present in Fig. 



3a 



Also in tills case, the presence of an interposition layer 32 renders it possible 
to use tiie same material for tiie imprintable material and for the otiier imprintable material 



30 



The presence of an interposition layer 32 and the presence of an applied 
reflective layer 22 are not mutually exclusive, but may also be combined. 

Fig. 4 shows an optical disk bearing an optical structure in perspective and in 



cross-section. 
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Fig. 4a shows the optical dislc 40. and in particular an imprint 1 1 present as an 
optical structure, on a surface portion thereof. 

Fig. 4b shows a portion of a cross-section of the optical disk 40 shown in Fig 
4a in a sectional view taken across the imprint 1 1 . It is possible to see an infonnation layer 
42, an optional existing reflective layer 21, the imprint 1 1, and a covering layer 20. In this 
case, the body 10 bearing the optical structure is the actual infonnation carrier with which the 
optical structure is associated, and the information carrier is an optical disk 40. The optical 
structure may be present in the substrate of the disk and can be observed from one side of the 
disk. 

The optical structure may be superimposed on the information layer or be 
present in a portion of the disk where there is no information layer such as. for example, at 
the inner side of the disk. However, other alternatives are possible for the body bearing ihe 
optical structure: for example the case of the disk, if the disk is contained in a case, or the 
cartridge of the disk, if the disk is permanently incorporated in a cartridge, or a separate body 
1 5 accompanying the disk such as, example, a card. 

In the above situation, in which the bodies bearing the optical structures are 
the information carriers themselves and the information carriers are optical disks, and in 
particular if the optical disks are pre-recorded optical disks carrying the same user 
information, for example a given music album or a given film, the production of the plurality 
of disks may comprise the following steps: after the stamp or the stamps have been obtained, 
an optical structure is produced; then the characteristic information indicated by the optical 
structure is identified; then the user information is encoded in acconlance with the identified 
characteristic information; and finally the plurality of disks is produced, the disks canying 
the encoded user information and bearing the optical structures, the optical structures being 
substantially equal to the first one. since they are produced with the same stamp or stamps. 

A player for a disk of the type shown in Figure 4 will consequently be adapted 
to identify the characteristic information from the optical structure and to use said 
characteristic information to access the user information present on the disk. Furthermore, a 
disk of the type shown in Figure 4 does not need to be a pre-recorded disk, nor to actually 
contain user information, but it may also be a disk of a recordable type. A recorder for such a 
disk will consequently be adapted to identify the characteristic information fix,m the 
associated optical structure and to use said characteristic infonnation to encode tiie user 
infonnation to be recorded accordingly, and to record tiie encoded user-infonnation onto tfie 
disk. 
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By way of background infonnarion. Fig. 5 shows a system for access control 
of user information contained in an optical disk, based on an optical structure indicative of 
characteristic information, for the general understanding of how such a system operates. 

The Figure shows a laser 502. a coherent beam of light 503 produced by the 
laser 502. an optical disk 40. an imprint 1 1 serving as an optica! structure borne by the optica! 
disk 40. a screen 506. a speckle pattern 505 produced on the screen 506. a sensed speckle 
pattern 507. a digital filter 508. a filtered speckle pattern 509. a mathematical OWF 510. a 
characteristic information 511. reading means 500. encoded user information 501. an aci^ess 
control block 512, and decoded user information. 

The laser 502 irradiates the imprint 11, i.e. the optical structure borne by an 
optical disk 40. with a coherent beam of light 503. TTie light resulting fiom the interaction of 
the radiated beam 503 with the optical structure produces the speckle pattern 505 on the 
screen 506. 

The observed speckle pattern depends on the parameters defining the coherent 
15 beam of light such as, for example, wavelength and phase, and on the internal microstmctuie 
of the optical structure, i.e. on the shape of the imprint or imprints. Parameters such as, for 
example, the wavelength of the beam may be variable: preferably, the wavelength will'vaiy 
around the size range of the recesses present in the imprint, for example 100 nm-1 n m. The 
position and/or orientation of the laser may also be variable within certain ranges, if 
20 mechanical means supporting the laser provide this possibility. 

The speckle pattern 505 is sensed by the screen 506 and converted into digital 
information representing the sensed speckle pattern 507. A digital filter 508 is then applied to 
the sensed speckle pattern 507 in order to render the characteristic information insensitive to 
microscopic differences between imprints obtained with the same stamp, caused, for 
25 example, by the production process or by environmental alterations, or by the presence of 
fingerprints, while maintaining a sufficient sensitivity to detect counterfeited optical 
structures. The applied filter may be, for example, a two-dimensional Gabor transform. A 
further, mathematical, OWF 510 is applied to the filtered speckle pattern 509 to obtain the 
characteristic information 51 1. The used mathematical OWF 510 may be, for example, a 
simple hashing function compressing the filtered speckle pattern 509 to a relatively short 
string of bits. 

Reading means 500 yield the encoded user information 501 present on the 
optical disk 40, the access control block 512 can decode the encoded user information 501. if 
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the correct characteristic information 51 1 is provided, and finally the decoded user 
information 513 is made available. 

The characteristic information 51 1 may consist, for example, of an 
enciyption/deciyption key: consequently the encoded user information is uier information 
encorpted in accordance that key, and the access control block uses the key to decrypt the 
user-information. As an alternative, the user infonnation may be encapsulated in a software 
object requiring an access key to be accessed, the characteristic information 51 1 may consist 
of the required access key. and the access control block may consequently use the access key 
to access the software object. Preferably, the used access control will comprise both of the 
above techniques, and the characteristic information 51 1 will be structured accoixlingly. the 
characteristic information 51 1 being any information necessary for accessing the user ' 
information. The characteristic information 51 1 may be derived not only ftom a single 
irradiation of the optical structure, but also from several irradiation steps carried out with 
different values of the parameters controlling the beam. 

Although the invention has been elucidated with reference to the embodiments 
described above, it will be evident that other embodiments may be alternatively used to 
achieve the same object. The scope of the invention is therefore not limited to the 
embodiments described above, but may also be applied to a stamp having a more complex 
relief structure than the one simply obtained by attaching particles to a surface thereof 

It should further be noted that the term "comprises/comprising" when used in 
this specification, including the claims, is taken to specify the presence of stated features, 
integers, steps or components, but does not exclude the presence or addition of one or more 
other features, integers, steps, components or groups thereof It should also be noted that the 
word "a" or "an" preceding an element in a claim does not exclude the presence of a plurality 
of such elements. Moreover, any reference signs do not limit the scope of the claims; the 
invention may be implemented by means of both hardware and software, and several 
"means" may be represented by the same item of hardware. Furthermore, the invention 
resides in each and every novel feature or combination of features. 

The invention can be summarized as follows: in the described method of 
producing a plurality of bodies bearing equal imprints of a stamp as optical structures, a 
stamp 13 is initially produced, by attaching particles 14 to a surface 15 of an auxiliary' body 
16; then, the stamp 13 is used to produce an imprint 1 1 on a plurality of bodies 10. Optical 
structures can be irradiated, producing on a screen a speckle pattern indicative of a key. It is 
substantially impossible to clone a given optical structure with current technological means. 
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Optical structures represent physical One-Way Functions, easy to compute in the forward 
sense but unfeasible to reverse. Thus, they can be used to build an access/copy protection 
system for user information contained in an information carrier associated with the body 10. 
The reproducibility of the optical structures makes this method suitable for optical disks. 



